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IMIOMUCTICE §

The zs6 osuwne, consisting of iriatowic ONyeen molecules, is mo rssctive §
chemicelly that 1t 12 st first surprisizg to find the eubstancs frve in the aarth’s i
stmosplwre. Little or pome of it is found mat low sltitudes, tut woera then seventy ;
yeare age Hartley (1), observing the abrupt terminsis=z iz the ulirazviolst snd of §
the spectrus ¢f all heavenly boiles, concluded rightly that soms 1avizidls compon- i;
ent of ithe errth'e atmosphere was responsidls, Ee showved that, qualitatively at j

lsast, this astmowpheric abeorption corrésponded ic that 2zone. In 1913 Fabry and

Buisson {2) made laboratcry measursments upon this strong abscrption dand of ssone

in the ultraviclet region of ths specirum, the Hartley band, and found ths maximun

of abecrption to oceur st sbout 2550 £, In 192¢ Fadry and Buiseon (3) working at

A9

Haraeillss, practically at sea lovel, d¢termined the transmiesion coeficients of

£ 5% g

the earth’s gtmosphere for sunlight at and near the ultraviclet snd of the solar
spsctrum. They shoved concluziveiy tbat the form ¢f ths absorption curve for the

ateosphere in the spectral ragion from 3500 A to 2992 L agresd guiis czacily with

the forie ¢f the Hartley band for ozone. Combining their atmoepheric abeorptien

measuraments with their owr earlier laboratcory measnremenia on ozore, thsy arrived

"3
]

at an smount of the gss in the zanith atsosphare over Harsellies in Jums of 19520
a5 approzinatsly 3 =millineters path o7 gura ggone rednced to standard temperature

and pressure.

If cne reducse to standari temperature and pressure the totsl amount of

air in & zZenith stmcsphere, ons arrives at ar equivalent air path of sbout & kilo- -

wetaers, Shne the total ofone reprsssats somevhai loss then cre two-milllionth part,

ol

22d wzuld be inaignificant but for cerisinm remsrkable nrovertiss pessessed by this
goe. Perhaps the 2ot eiriking propsrty ix the ebecrption coefficient at ths psak’
of the Hartley Band at 2550 A, At this wvavolength in the ultraviolet the optical
traremissions through one centimetar path of pure .gone at standard tenparaturs and

pressurs is approximately 10"'120, Correspondirngly the transsission through the
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3. millineters found by Fobry and Buision in = senith stmosphere at zes lovel ie

of the order of 1(1""3G Smell wonder toat the gpscirus of ail celestial objects
scds ahrupily, vher ihe measuremenis are Lade from at or near the erthis surface.

N¥uch has been written abou® thas effects on plant apd aniwml life of the
nltraviolet absorption ofuzore in modifying zumlight &3 received at the sarth's
surfece, It is sufficirpt at thie point to remind the resder that if the amount
in the earthls atmoephere were reduced to about ome-third, husmesn skin would be
dostroyai in a matter of minutes exposurs to the san, On the cther bard, if the
quantity of oczone were doudbled compared to the amount normaily fournd, the higher
animala and mez wenld dle out for leck of ﬁ:o ossential vitemin D, unless emouvgh
of this vitarin couid be picduced by synthetic processes to permit survival, Evsn
se, tho enormcus increase 1p bacterisl growth, normally beld in check by maiax
ultraviolet, night be sufficient %o degtroy or seriously limit cthsr forms of 1ifs
upon the earth’s sarface. Ail this follows frox the fact that both the phote-
prodnction of the antirachitic vitlamin D from cter.oln, and the photochemical
destruction of dacteria take place only at wvavelengihs very near the ultraviclet
end of the solar spscirus, axl this, as we obssrva it on the earth, is limited
entirviy by the smount of czone in the atmosphers above us,

In addition to theaze hiolomical effects the study of atmosnheric ozons
has provided a key to cerialin processss occcuring in ths =pper simocsphere and =0
there ia much interest iz this gas as an simosphsric consvituent, Finelly, there
1s an additioral poseidility which, though remots, may be vorth consideration,
Osgons in relatively szall concentration 1s toxic to man, It 42 knmown thet most of
the atmoepheric ofons lies at high levsls in the earth's atmosphsre. If it hlhould
happes thnt the dulk 1a containsd in e relatively narrov sirztus, then it is
laportant to knce the peak concentration ip that etratum 1f that reglon is te be
eatered in high aitituds flight, amd if the alr, appropriately compressed,is to be

uged for reapiration.
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in 8ll the aistribution of ozuns in the esrthie atrosphare 1e a2 matter
of beth sclentific snd praciicel interssi, and justifiss considerabls sffort in
securinsg reiladle measuraments,

. Since the totsl smount of azore in 2 senith atmosphere as found dy

fabry and Buisson (3) was mach zreater than would be esiimated from the very minute
traces of this gans observed pear the sarth'z surface, and since & similar result
had earlist been oteerved by Hartlsy (1) 1t wme concluded that the bul: of the
atmospheris osone muast l1ie at high level, Qunantitative oetimats of this height was
fir st sccompilshod by Catbsnes and Dufay (%) in 1926. These irvestigators used
the classical metbod of determining a*sgéephu;c absorption by observing ths
intensity at & particular vavslength ss ths senith sngle ¢f the sun changsd, thbs
maes ¢f air in the path of the sunlight <arying nearly se the saecant ¢f thig gzenits
argle, Howsver, Cabdhanes sandi Dufay extendsd those messurements to Zenith angles
spproaching 90°, near sunrise and sunset, Thus, W tekinz sccount of the sffect
of the curvaturs of the eorth on tho senith angle at suscassive levels, they vo.ro
able to determine an approximats height of the oscue layer, This height they
reported as between Y0 and 60 kilometers atove the earth's surfacs. Subssquent
®eagursments, notably by Gitz, Dobson end Meethan (5,6.7). using a similar me thod
placed the effectivs altitudes as betwesn 25 and 40 kilomsters, Im 1929 Rosseland
{8) showed, oln theorstical considerations, that these heights represented only a
sort of center of gravity of theno&, snd that ths method of measurement vas

_ - &

incapadls of distinguishing beiveen a sharpiy 1limiied and & dlffcs

[ [}
(4]
MY
L1}

of osone with height,

Fumerous othar estimates 0f ths height of the o%one laysr vere msde
upon the bdasis of moesurements from the sarth's surface, including those by one
of the present authors, dut since the iiteraturs of this wsubject kas bteer reviewsd

by O'Brien (Q), further @iscussion of these indirect methods vill not be necessery

S/

in this report,
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The first é.irect measurdaents of the dlstridvetion of o¥one with height
vers mads in Juns and duly, 1944 Yy the Regsners (11), Thess invsstigmtore
used 2 small sutomatic spectrograph cerried by = sousding ballesn, mnd succeeded
ip obtalning measvrmmente of s2one on Lwo flighte above 19 kilomstars, on cne
flight July 31, 293% to an sltitude of 31 Kilomsiers, Unfortanately ths messurs-
ments wors of eomevhal limited sccuracy because of ths sasll sise of the insirument
vhich could bhe carried, Koreover, the rate of rise of the scundinz bellceons vae
o rapld that each spectrograpiic sxpozure vwae made throughout a very comeidersdle
spread in ballocon sltituds, Thus sauch spocizum ropresented ths average of & stratum
of the earth's atmosphare of comsideradlie thickness, and t.hil led to & loss of
vertical "resolving power® which resulted in come dispuis and uncertainty.

On July 28, 1974, a fev days bdefore the highest flight made by ths
Regener balloons, spectroscopic determivations of atmospheric ozone were made with
such larger speoirograpks carried on the first stratosphere flight, joinily
'tponzwud by the Hational fBecgraphiec Soclety and the U. S, Army Aly Corps., A
2atniled report of those results has been published by O'Brien (9) am the instru-
ments bave been descrit=d by Peasin end Kartz (12). Usnfortomtely rupture of the
balleon at an altit:rs,de 18 kilemoters tornminated this flight. The spectrograph
receiving direct snnlight was parashatsd to safsty, but the second instrument
recelving horizon skylight was destroyed in the crash of the gondola, and only o
fraction of 1tg record preserved., The skylight spectiosraph: permitted the
application of a new msihod for an approximats dctaminaﬁea of the ozone
dlstributions some U kilometors higher than ths celling reached by the imstrument
ttgelf. The theary of this method is descrided ir /3), In 1935 the second
siratosphers flight undsr the aneplcss of the Hstlonsl feogrsphic Siciety and the
U.3. Aray Air Corps reached as altituvde of 22 kilometers. This time landing of

all equipsent was accomplished vithout mishap, yielding arxcelienti spectrugraphic
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records, Messurszments with the spectrograph rscelving direct gunlight gave the
czone dlstrit—ution to the celling of ths flight, namely, 22 kilomaters. Keasurc-
Bents with the gpecirogrepd recaiving 1light from ths borizon sky Zave indicatione .
of the otone distribution to szbout 28 kilemeters wiih considerable sccuracy, end
soms indications of the distrtiuiion above that level {10). Howcver, ths eky
spectrogreph metned was radical, and ithere had boen soms coniroversy about thoe
thcbroticeﬁ validl ty of the zky spectrogrsph amethuwd, For this reason the
pesaibility ef such wopertainties was carsfully poeinted out in the conclusions ¢f
the report of the 1935 flight {iG),

The resulis found on the 1935 flight (1C) chowed a far more peaked

VAT o B it N MR bt R oo i 0

di gtridution curvs whan the quantity of osone psr kilcmater of stmosphere vis

plotted agaizst .the height than had been found by any previous workers, GSince

' the previous results dopended upen irdlrect methoda of measurement from tke grovnd
together with the Begoner msasurements discussed ad2ve, it is not surprisiag that
any gharply peskod dietritniion would go unnoticed. With a Jarger instruvent amd

the elover rate of rise of tls man-carrying balloon of 1935, each zpectrogram

e e ARG oot htihre b il ARG

réprssented £ quite narrow stratus, snd thus meds it possibie t dstecti a sbarp
gradlent ¢f ozone cnnécnt-mtion with height wherzver this might cccur,

From 1935 until 19% no additionmal preciss ssasurements of the vertical
distribution of atmospberic ozunz wers attsmptsd. Those reported in (10) were

generally accopted as staniard, tut in spite of ths preciszion possidbls with the

bl i, i g, R B

fuil sigse spectrographs and alow rates of ries and descent, not sveryuns was

willing to accspt the vesulting mossurassnts to the exclusion of all previousiy

L S 3] i G

published sork. For this ressca, in 1948, we ware pleazed to mcoept the iavitation

% to carry out Turthsr measuramants e the verticel dlatvib mtion of atmospheric

A

otore in connection vith the jarge unmanesd dballcom flights carrieé out unier

- aT

Brodent Yoyhas 2N af thy 0£74ce of ¥aval Research.
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:t or the stretosphers

1935 (9,10} bsllaon verk providing the

was wall adepted to scunding

fiight of

welght of 120 pounds could be carried 4o the necessary altitndie, Fortunately

the largs Gensrael Millz 2onpnding balloons as developud for Project Skyhook ware

adsquate for thiz purposse when used in paire. 1% did not sesm wise to atteapt to

fly the horizon sky spectrograph, in spite of ths suecessful uvee of this inatrument

n 1935, Aliens ths eky spectrograph is of no servics, snd te ﬁtt@!@t teo fly batd

[

the direct mn and horison aky spestrograph tegetber appsared to be beyond ths
present capabilities of sounding balloon technigue.
Si1ce a description of the direct gum spectrograph has besn pudlished

26 additiopnl description will be reguired here, %The photographic material used

in the preient operation wae Kodak Lisograph Survey film, and tke sutsmatic film
transport mechanisxm of ihe spoctrogrsph was set t2 take eight palrs ¢f expesures
per hou insrtead of four peirs per honr as hed besn done in 1935,

A short escilon of spectrozraphk film is shown in figure 1. 7The right-
hard edge of these spectra 1ies at about 36004 wavelength, while the lsft-hand

sdge repressnis ths short wavalengih 11ait at scmevhet less than 3000A as set by

the sbecrptior of ozons, As described im cur pravious wrk (9,10) the zlit of

the spectrogrepk was coversd by &o evaporated aluminum wedze, the opticel demsity

of whizh hsd 2 linear variation with distance 2iong the slit., In figure 2 is shown
the plot of the optical dmsity of ths wedge against dietancs in millimeters from
an srbitrary zero position. As previously deecribded (9) such wedges are quits

4 wawveianzth recion in the ultraviolet ineluded in the

At the right-hand sargir of tae spsctrogreph film can bs scen the photo-

sraph of the face of » high grade watch, especially luoricated for operaticz over
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& wids temparature rangs, and used ss & check on tha time clock which mntrolled
the exposure MGusnce. As in our previous work e small bimstellic thermomehsr
face cen he esen in the csnter of the watch face, providing a constaat record of
the temperature of the interior of the spscirogreph camera.

Tha method ussd Tor the determination of ezons from dirset molar spectra
1s the ssme as ve have previously described (10). This method which involves a
graphi=al nolution, provides for the doterminatior of the oscre above the instru-
=nt even vhan both ths altituds of the talloon and the senith angle of the sun
are continurlliy yuying.

Let \ be & wavelenzth vhich is absorbed by oscne and N\ a longer wave-
iength for which o zone absorption say be nsglected. Let I, and I ° be the
intensitlsg st .\ and A 1n the scler specirum outside of the earth’s atmosphere,
and I, and I-" the eorrenpogling intenuities within tha atacsphere at a level and
at a solar zenith angle 33fining itue condition "&”,

Let Dy = logyg ;—3' and D,' » loglo'i':':'

n D .D. .4 D

Lt W TEme® 7 '.".,Q

3

whers D, . and Dn,()} refer to optical dansity due to scatter and orone

absorption, respectively.

Evidently Dps= Ppx * %

L ]
vhere >0 since A >A
0 D0, =By - D¢ - &,

8 3 — . l

log 1,' - log Iy - (Log X° - log 1)) - &

i

Let Q:logi-‘-losiﬁavi‘
e ani ﬁ"os = Eo_' s8C 2
R PR T R T T3 o s - e T mfﬁ*
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vhere 2 x tenith angle of mun, and

DO'& = optical doneity of zenitk osons above ths cbserver,

Then Q= Eo 860 ¢ $ &
I.¢

Where L2 log 35'— = constant for 2 given A aal X,
G

If Dy, dces not change, 2, for sxample, whon obzervaris depth in ths atmosphers
is co-mtant,, then Q is a linsar functicn of sec 8. Extemiiag this line back to
ths fictitious mec £ = 5, ths ordinate at the intercept reprssexte L, the logerithm
of the ratic of intensities at A and )\' out side ths a‘monphere. ZThe slops of the
iine is evidexntly oqual %o %3(:
1T we Sbssrvar rizee throueh the atwesphers srd in s0 doing pesses
through ozons o that 1-‘03 diminishes, then tho values of Q will iie delovw the
stralght Line by sn cmount A § 5 sec s ABQB.

Dencﬁcnatry of the spectrograms vas accomplishad with g Sinclair Saith
recordisg liémdcnlitczatera A se=ple of & typleczl trace of a spectrum, mads at
a constant height above the bottom edge of the spectrum (Pigare 1) is showa ia
figure 3. Included on thig trace are ths wavelengths of certain landsarks in the
Frannhofer specirum, 2hsss ars the same sslected wavelengihs used in ouwr previous
determimtions o oscns (10), and vere chosen bacause thoy fall betveen solar
absorption pesks and 30 reprasent vavelength rsgiorz in which the colar emission
is high, 4ctually only a single wavelength, substantially outelde the Rarticy
abscrption band, together with a single wveloungi@ weall within the band, ave
necessary for determimation of quantiiy of csous. Howover, we havo fornd alvawtages
inx neing at least two different epectral reglcie within the abeorption band
together with the third regiem outlsids, axd this has been the practics followed
in the prsaen’ deteraination, Thus two coplsté independent 2sts of osons

asterminations wers obiained eight times per hour throughcw the flight,
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The procedurs used to refuce the microdensl tomeisr trauces to relative
spectral intensitly was ths sswme se ¥e have reporisd previousiy (i0). BSix er =ore
nicrodessitoneter traces were mde at different heightg ehove the bottom edge of
the spectrum, sach trace running along the direction of dispsrsion. Since ide
linear alvzirum vsdge mounted in front ¢f a spectrograph slii prodnced & linsar
ssale of logerithz 5f intensity siong any siven specirum lino, it ie evident that
the cbserved densiijes of the photograph dstermined Fna the microdensitometsr
trace can be converted direcily to form a charsoterietic or HMD émrm far the
prrticnlar type o7 film used, Since the microdsneitometsr resd direstiy the
transmigsion rather than density, it waz convenilent to plot tranemissinn egalng'
poet tion on the spectrum comopond.ug to the positior on Lths aluminum wedge or
"weige step” as here labelled. 4 sot of typical curves are shown in figure K,

Since the spectral range involved in this vork i1s so small, and since
the ragiop is one over whick both the sensitivity and gamme of the fiis are neariy
censtent; 4% 1e poseible to combiae the resuli s of a large nﬁaber of curves swxh

aa ehe 4 onra b inta & sinz

™
R IR Sl ENT gl o0

1=
(L]

wrre tynical of the charscterietis gurve of

— e - L - v

the photographic emulsion over the range involved, This is shown in figure 5§, the

i

‘actual points of observation being irndicated by small dots, A template cot feom
this mean curve was uaed to drav the actual curves showa in figurs U, the smell
eiroles in figure y représenting experimental poinis for the particular spectsom
g2lectel ﬁs an example,

At the raquest of the Office of Maval Research tie sqnipment wes =mads
- ready in the late summer of 1648 and transpsrted to Camp Ripley, ¥innesota Tros
wvhich point the General Kills Compsny was launching ballocns, Since we had

developed 2 rerinsd technigus for cmréizusuz trisnsulation upon o smrding

balloor seme years previously (13) cur thegéclites and plotting instruments were

eglso iransportad to Cemp Ripley in order vo provide bellcom altitude determinations
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of & higher order of securacy than possible with a radlo msteoragraph,
Unfortupstely, aifficulties were encountered vy ths Gemeral ¥ills Group, and a
nuaber of t.'ria:;_ flighty carrying instruments other then cur spectrograph fallsd
&t very moderatc sltitudss dne to Dalloon mpture, After several weecs in the
flel? w were infomed that it ves unlikely that any sccessful flights could be
chtained that yaar, amd tha squipzcnt was returned to the University of Rochlsster,

Phe followinz year, 1949, ve ware inforasd by the 0ffice of Haval
Bspsarch that the General Mills Jompeny had se perfected tiwir own thesdelite
triangulatiop technigne 22 w2l 1 as triangulation Tty radio direction finding,
that 1t wuld be urnecessery for the University of Rocheaster group to do ite own
trigngnistion upon the ballocn. The spectregraph wes &galn prepared and
transported i Camp Ripley. but altitude determimmtions were Joft sntirsly to the
General Nills groun, Unforitunately, their theodolite triengulation failed
completely a6 4id triangulalion with radlo direstion finders. The only dstsrmina-
tion of aititude, therefors, cane from the radie msieoragraph. Fortunately this
i trument eppears to mve hehavad well.

In sddition $c knoving the sltituide of ths spectrographic imstirument
above ssalevel gs a funotion of time, it 425 nscessery that the senith angle of
the smm be likewiss kmows. oince ilide iw a Tunction of local spparent tizs and
iativuds, 1t is nocessary thab, in addition to standerd time, the approximate
latitude and longituds of the instrument be known for each spéectrogram of the
geriss. A2Although the triangnlstion upon the Lsalicon had failed, =mall slavy speed
airplanes vers zble tc follow along, kesping the dalloon in sight, and vere thus
etle tw record the time &t whick several =ep pczitions were passed., Valnes for
1stitude end iongitude at four timss along the four hour flight ars shown iz
figure 7, tie polints deing connected straight lines since the exact path of

the balloon between thesa points was unkecwn. Forturataly the changss in th
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latitude and lzngiitnle are sufficiently small so thet the straight line spproxi-
mation i entively adequste,

Vhen the snectrogrspbic imsirumsnt 1s & sabataniial dlstance bhelow the
cexier of gravity of the ozope layer, and wvhen the zenith angle of the sum is
large &5 vas the case in the early morning portion of the flight, it iz nsnessary
ic oorrsct the zenlih angls of the sur for the curvature of the sarth in the
manner described on page 80 ur reference (10). Thisg kag bsen carricd throug
giving the correchted angle g,f ths sscent of vhich is plotied azsinst csutral
etandayd time in figure 7. Also, pletited im figare 7. 4= the sltitude above sez
197019

Z2ecsnse of the failure of the triangulation 4t 1s not possidble te state
the acourssy with wiaich the al%itude doterminsticne wers =ade. However, the radio
setesragraph had besn especially mclified for sensitive response to.the very low
baromstric pressures enccuntered at 20 kilometers, Ir lzboratory tests defore
flizht it had behavad well 2nd cozsistently, and durinmg the flight its ind caticzs,
&% telametered ai the radlo receiving station, showed avoryl evidence of conslstent
and proper inu.‘tmmt functioninz. 1% seems likely, therefores, that the aititudes
are correct to within perhaps en&-half kilometer, and may, in fact, be aczmevhsi
better t han thig,

Spectral intensity measurimonts reduced ae dsseribed above were used
for the quantitative deleraimation 6f ofons iz the eame manner as descridad in
reference (10). The absorption cozfficients for gsone used in our earlier wark
vere thoss reported by Pebry and Puieson in 1531 {1%), These values are modified
very slightly by ths vork of By Tei-Ze aod Choong Sain-Piaw in 1533 (15). The
di ffersnce between the results 5f theae suthors and Fabry and Eutsecn are very
siight, but the newer measurements have bsen used in s reduction ¢f the present
work, ZThe optical dsnalty of osons per centimeter of the gas at standard teapera-

tare anl pressurs has been tabulatsd against wavelength and showr in tadble I.
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In the same manmer as describad in referonce (10) the quantity Q

[

derived abtovs has been pletted against the secmt of t§ for vavelsagth 71104 -
and 3050A and is shown im Tigure 7. As descrided im reference (10) a plot of Q
agaizst the sacant of é; will be a siraight line so long as the spectrograpbic
instroment romsaine beneail ths atmospheric osenme, no matter what the zanith angls
of the sun may be. Az the inptrument riges through ths Szone, however, this actual
values of Q will fall belcy the siraight 1ise, the amcu=nt 1nd'1ca-t1ng ths gquantity

of ozone through which thes instrument has risan,

TABLE I
)
ﬁavelmgth CR » 8.T.P.
&
3300 —
2270 0.50
2178 0.75
315 3.20
3050 2.70
3015 4.1C
2992 5.26
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The Tindinge for the verious spectira at diffsrent sititudes are shown
in table II, A Q is the amonnt by shich a point i3 ahove or delow the straight
lipe portion of the curve. The tots]l osone concentration abova 3 kilgmsiers wes
found from the strsight lins portion of the curve to be 296 om. at stendard

temperature end pressurs, The walues of A § vhazn nsgative indlcate that this

the spscirographic instrapent,

In figurs 9 are plotted i Guantity of csone in centimsters patik at
standard temperature and pressure in the %enith atacsmhere above the spectro-
&raphic inastrumentv at altitudes frez & kilomoters to the top of the flight of ¥:.§
kilometers. The circles corntalning crosses rapresent the determinations asde b
comparing waveisensti:h J11C A with 3300 A, In the aame figure the res:lte of sur
1935 detersinatiors are shown 1in * a dotied curve labelled Bxplorer II, vhie tie
msiis of the sounding balloon coserwmiions of thé Regsmera in iS3% asre shevn M3
the dashed gurve, It must he rememderad thai tbe flight of tha 'banoén Ezplore.- I
took place 1z November, vhen, in the northern hemisphers, the absoluie quantity
of esons in the earthis atmcsphers 1s low. Tho curva labellad Operations Skyhouk,

on the other hand, represents & Ilight made on June 16, 1949, & time of the yeu:

Ao Al e mamen
VOO LG Yuowl

'J

thern hesmisphere i3 high.

cf atmospheric cmone In the k3

i

In epite of the diffarencs in the adacluis q;ar.’.ity of ozons &acounie ed
in 1949 as compared ‘o 1535, a diffsramce typical efthe differemce in tiwe 6I ;es.',
the relativs sxounts of ozone as & function of altitude are surprisingly simila:-.
This is shown in figure 10 vhere ths amomits ars plotisd as percent of oszons
remaining above ths instrument as function of Dbeight of instrument, The tcotal

smount atcve 15 kilometers has been taken arditrarily as 100 perceni, slthough ::e
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shown by Cizura § thers 1s a very eu:ll amcunt of 27cene lying delov this level .
Parhape the most striking festure <f Tfigura 10 {2 the fach that ths detsrminpa-
tion of osone from direct sunlight on Operation Skyhook sszrees not only with

the desermination fm the direct sunligal up to 22 kilomsters in the flight «f
dxplorar 1%, but that this ag;x‘ssm&:ﬁt should continua wp to an altituds “ayond

27 kilemeters, Thig confirmation of the sky spectrograph methed 1g ver:
reassuring, 1t must be remerbered that esch flight was made in a polar air
zass, the netecrnlegicel conditiona being choses rathsr carsfully to provide
both clear weather and the minizmm of wind velocity in the early mormning hour:
ducring tallesn iaflaticc. 7Thws cre might expect 2z vary cimi.lai- veritical dist -i-
wation of aimospoeric czone aven though fourtear years elapssd tstwsen the

mes surszents. |

ura 11 the o292e per kilomatar of height 18 plotted sagainst the
altituis of the instrumert. The curves of figure 11 are the derivativec of tis
eurvee of figure 10, ard thns sensitive o smell errors in siope detsrminatic iz
Fsverthelese, evon in figure 11 tho agresment betveen the Sikyhook eand Explore- 1
curve remained guiie goou., The fact that the determination by the Regeners
does pot agree with cur results is not surprising. Az dizounssed o
rapid rate of rize and relativeliy l.ong exposures ¢I each spectrum preveated
detection of the sharp paximum actually preseni,

It 15 of intermst t¢ nots et the zaximum path of gzons per killometir
of height wae found to bn 0.0Z6 cm at standard temperatures and pressurs, an
that this maxisus concemiration was found at an altitudc of skat 1% Filomeirrs.
At this altiiude a @meas Darometric pressure i approximstsly 0,044 atroapheres
snd, et the mewn temperainra of -55°C the denaiiy of vhe mir is 0,055 that of

air at sez level at 0%C. Air taken in at thig altiiude azd compvessed in s

supercrarzer without decorposition of the osory wovld, of agures, ratain tha gar
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Toiative concauntration, “his value is within the rather wide spread limits
which have barn publiished for osonms toxiciiy, so this aspect of the resulils

shonuld be cousiderad,
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